The present paper deals with the recalculation of hydraulic machinery bladings. By combining numerical tools for the geometrical description of the bladings, mesh generation, different CFD flow models (Q3D Euler, 3D Euler, Navier-Stokes) and post-processing a highly efficient integrated flow analysis system is obtained.
INTRODUCTION
he accurate and fast analysis of the flow within already existing and/or just designed bladings is still an important task with respect to the optimization of hydraulic machinery components.
First an accurate geometry tool is needed for the description of the three-dimensional blade shapes and for the generation of arbitrary sections.
Then, based on the geometrical description of the blade surfaces the meshes needed for the flow computations have to be generated either geometrically or numerically. Finally, the numerical flow analysis may be carried out on the basis of a quasi or full 3D approach supposing inviscid or viscous flow. The flow model to be applied depends on the type of blading, the flow being accelerated or decelerated, and on the accuracy required for the flow analysis.
In order to reduce the time needed for the recalculation of the flow through a blading and for optimization of its geometry as well and to increase the reliability of the flow analysis an integrated flow analysis system has been developed ( Fig. 1 ). This powerful numerical sys:em consists of three main modules, i.e. the geometry module, the geometrical and numerical mesh generation and finally the CFD-codes. Abreviations for the developed CFD-codes are: Q3DEF-Q3D Euler fast, Q3DE-Q3D Euler, 3DE-3D Euler, 3DNS-3D Navier-Stokes.
INTEGRATED FLOW ANALYSIS SYSTEM
The developed flow analysis tool combines CFD models of different complexity beginning with the quasi-3D Euler code over the full-3D Euler code up to the 3D Navier-Stokes code. In the case Of a rough estimation of the flow behaviour only a Q3D-analysis may be carried out. However, if a more detailled and accurate flow prediction is required a 3D computation is performed taking the Q3D-results as input data. Due to this strategy the CPU-time needed for the 3D-analysis may be reduced considerably. Furthermore, the reliability in predicting the flow pattern may be increased remarkably by comparing the numerical results obtained by a very complex 3D code with those from a relatively simple but highly reliable Q3D-code. Furthermore, the influence of the number of grid points on the numerical errors, i.e. mass flux as well as circumferentially averaged values of reduced total pressure and swift, has been investigated. Fig. 6 clearly shows that all numerical errors are decreasing with increasing number of grid points down to a constant value of about 1%.
The averaged error of the reduced total pressure occurs at the leading edge and remains constant downstream to the outlet which is an expected characteristic of a conservative Euler formulation. For the mass flux a similar behaviour is obtained. These errors are induced by the geometrical insufficiency of the H-mesh at the leading edge and by the special treatment of the artificial viscosity terms at the solid boundaries.
RESULTS

Recalculation of Francis Turbine Runners
The capability of the developed flow analysis system may be demonstrated analyzing three francisturbine runners with different specific speeds (nq 26, 60 and 95 1/min). Fig. 7 shows the distribution of static pressure along the pressure and suction side of the blading and the distribution of the circumferentially averaged swirl from inlet to outlet. All calculations have been performed for the point of best efficiency and three flow models are compared to each other (Q3DEE Q3DE and 3DE).
Generally, a very good agreement may be observed between the three flow models applied for the flow analysis, exept for high specific speeds where three dimensional flow effects become significant. Analyzing runners or impellers having a specific speed higher than about nq 80 1/min only a 3D code will yield accurate (Fig. 13) . Furthermore, the measurements detected a throughflow vortex at mid-chord ( observed cavitation behavior shows a very good agreement. The same level of the computed suction side pressure peaks also indicates suction side cavitation along the whole leading edge (Fig. 10) .
Further measurements have been made near the outlet of the impeller. Fig. 11 
